Introduction
Androgen ablation therapy is the first-line therapy in metastatic prostate cancer. It initially offers an objective clinical response, but eventually is stalled by the ominous development of refractoriness to hormonal therapy (stage D3). This ominous event signifies poor prognosis, uncontrolled tumor growth and curtailed survival to a median of only 10 months (1). Salvage chemotherapy does not improve the overall survival of stage D3 patients (2, 3) .
The bone is the most prevalent site for metastases of prostate cancer (4) . These lesions are associated with a potent local osteoblastic reaction, in contrast to the overwhelming majority of other solid tumors, whose bony metastases are generally associated with osteolysis (5, 6) . Osteoblastic metastases almost always represent the first and, frequently, the exclusive site of disease progression to stage D3 (3, (7) (8) (9) . The number of skeletal metastatic foci is the most powerful independent prognostic factor associated with limited response to hormone ablation therapy and poor survival of advanced prostate cancer (7) (8) (9) . Disease progression to hormone-refractoriness frequently occurs only in the osteoblastic metastases, even though hormonal therapy may still provide adequate and sustained control of disease at the primary site (7) (8) (9) (10) (11) (12) . Consequently, the bone may not be just a passive, innocent bystander that suffers the consequences of metastatic tumor growth, but it may constitute the favorable microenvironment for the homing of metastatic prostate cancer cells (13) (14) (15) . This may be secondary to interactions of prostate cancer cells with osteoblasts, to promote both the growth of metastatic prostate cancer cells and the osteoblastic reaction (13) (14) (15) (16) (17) .
Recently, bone-derived growth factors were reported to protect metastatic prostate cancer cells from chemotherapy-induced apoptosis, introducing the novel concept of bone-derived survival factors (18) (19) (20) . We reviewed the current knowledge on osteoblast-derived survival factors, their relationship with local factors, such as the insulin-like growth factor I (IGF-I) and urokinase-type plasminogen activator (uPA) bioregulation system. These factors are implicated in the osteoblastic reaction and the benchto-bedside development of an anti-survival factor therapy, which has provided encouraging preliminary data in a phase II clinical trial with terminally ill, hormone-refractory and chemotherapy-resistant prostate cancer patients. cells, immune system cells or hematopoietic cells) are significant sources of growth factors, most of which serve as powerful modulators of the process of bone remodeling (13, 15) . Prostate cancer cells express receptors for many of these growth factors and respond to them in proliferation assays in vitro (14, 16, 17, 21, 22) . Interestingly, prostate cancer cells themselves secrete a constellation of growth factors, which overlaps extensively with the bone cellderived factors. These factors include transforming growth factor beta 1 (TGF-ͱ1) (23) , fibroblast growth factors (FGFs) (24) (25) (26) bone morphogenetic proteins (BMPs) (27, 28) and endothelin-1 (29, 30) . These prostate-derived mitogens may not only stimulate cancer cells themselves in an autocrine manner, but can locally modulate the bone remodeling process at sites of skeletal metastases by stimulating the proliferation and/or function of osteoblasts (14, 16, 17, 21, 22, (30) (31) (32) . The role of these peptides in promoting the osteoblastic reaction may be synergistic or additive; whereas, other factors that share similar or chemotactic properties may still be unidentified (13, 15, 23) . Therefore, metastatic prostate cancer cells and bone cells, such as osteoblasts, are mutually interacting via growth factors that may target both cell types.
Since the local osteoblastic reaction involves predominantly osteoblasts (5, 6) , it was hypothesized early on that a prostate cancer cell-derived mitogen may specifically act on osteoblasts (14) . Indeed, an osteoblast-specific mitogen, without substantial effect on fibroblasts, was detected in extracts from prostate cancer, benign prostatic hyperplasia and normal prostate tissues, as well as conditioned media (CM) of human PC-3 and rat PA-III prostate cancer cells (16, 17, 31, 33) . Purification of this osteoblast-specific mitogen revealed 100% homology with the N-terminal uPA (33) . uPA is synthesized as a single-chain precursor, termed pro-uPA, which is converted to a high molecular weight uPA (HMW-uPA) comprised of two chains (Ͱ-and ͱ-chain, corresponding to the N-and C-terminals of pro-uPA, respectively) linked by a disulfide bridge, with the ͱ chain possessing serine protease activity (34) . uPA acts via its receptor (uPA-R), which lacks intracellular or transmembrane domains and, instead, is, anchored to the cell membrane by a monomeric glycerolphosphoinoside (GPI) moiety. Pro-uPA can be converted to active uPA, by human kallikrein 2 (hK2) or plasmin, but not by prostate-specific antigen (PSA) (35) . Purified rat and human uPA selectively stimulated the proliferation of rat UMR 106 and human MG-63/SaOS-2 osteoblast-like cells (36) .
The identification of a prostate-derived peptide with osteoblast-specific mitogenic properties provided important insights into the pathophysiology of metastatic prostate cancer, but at the same time, prompted further unanswered questions. First, it documented that the osteoblastic reaction was a specific response of the osteoblasts to the presence of metastatic prostate cancer cells, produced by a highly specific intercellular interaction involving the uPA/plasmin cascade (36) . Moreover, the protease activity of uPA could play a dual role in both the extracellular matrix degradation processes that accompany the establishment of metastasis and the blastic reaction of osteoblasts. Through its ͱ-chain protease activity, uPA converted plasminogen to plasmin, a serine protease capable of activating a cascade of extracellular proteases, which, in their turn, degraded extracellular matrix proteins (37). uPA alone could directly cleave fibronectin, while plasmin, formed by cleavage of plasminogen by uPA, activated pro-collagenases into collagenases, orchestrating a massive proteolytic degradation of the extracellular matrix (38) . Therefore, uPA-R facilitated uPA activation at focal sites adjacent to the cell surface, which were also the preferred sites for uPAmediated protein degradation (37,38). Competitive displacement of uPA from uPA-R at the GPI-mediated cellular binding sites, resulted in a decreased matrix degradation in vitro (39) . The uPA expression and uPA-mediated extracellular matrix degradation by prostate cancer cells correlated with their metastatic behavior in vivo (40) . In animal models, uPA overexpression correlated with higher, both skeletal and nonskeletal, tumor burden (41); whereas, uPA down-regulation reduced metastatic tumor size (42, 43) . Elevated uPA levels in prostate cancer patients' blood correlated with far advanced metastatic disease, as well as with increased number of bone metastases (43) .
However, it was not entirely clear how a protease could function as a growth factor. The complex molecular physiology of uPA encouraged diverse attempts to explain this osteoblast-stimulating role. One hypothesis holds that cleavage of a-chain uPA by, yet unidentified, proteinases produced by the prostate cancer cell specifically generates the amino-terminal fragment (ATF, or ATF-uPA) and the low-molecular weight uPA (LMWuPA), a short residual Ͱ-chain linked to an intact ͱ-chain, which retains proteolytic activity. Close to the N-terminus of the ATF-uPA, lies the "growth factor domain" (GFD), a sequence structurally similar to the epidermal growth factor (EGF) (38, 44) . ATF-uPA was proposed to act per se as a prostate-derived mitogen for osteoblasts (44, 45) . uPA-R is expressed on both prostate cancer cells and osteoblasts, and the proposed model for such a potential direct mitogenic effect holds that, aside from intact uPA, ATF-uPA also binds to uPA-R on the osteoblast surface, transducing mitogenic signals (45) . Indeed, ATF-uPA does up-regulate in human SaOS-2 osteoblast-like cells the expression of c-myc, c-jun and c-fos genes in a timedependent manner (46) . Tyrosine kinase inhibitors, such as herbimycin, block this effect, implicating tyrosine kinase signal transduction pathways in the stimulation of osteoblast proliferation by ATF-uPA. However, it remains undetermined how such a growth signal can be transduced by a GPI-anchored receptor that lacks an identifiable intracellular tyrosine kinase domain. Apparently, this hypothesis implies the presence of another, yet unidentified, novel molecule (receptor) which perhaps specifically binds N-terminal uPA on osteoblasts (44) (45) (46) .
An alternative hypothesis suggests that uPA converts plasminogen to plasmin, which hydrolyzes IGF-binding proteins (IGFBPs) (47) . As a result of the IGFBPs of hydrolysis, the IGFs bound to these proteins are released. It is the release of bioactive IGFs that appears to mediate the growth-promoting role of uPA (33, 47, 48) . Therefore, the mitogenic activity of uPA may involve the IGF receptors and their intrinsic intracellular tyrosine kinase domains (36, 48) . This notion comes from data documenting that pretreatment of the prostate cancer cells' CM with benzamidine and aprotinin, which block the protease activity of uPA, also abrogate the mitogenic activity of the CM on osteoblast-like cells (33, 44) , while anti-IGF-I neutralizing antibodies block the mitogenic effect of human and rat uPA on human and rat osteoblasts, respectively (47) . These data strongly suggest that a significant proportion of the mitogenic action of uPA on osteoblasts is, in fact, IGF-mediated (45, 49) . It is important to note that uPA can also activate latent TGF-ͱ, produced by prostate cancer cells and osteoblasts, which also has important regulatory functions on osteoblasts and prostate cancer cells (36, 48, 49) . Moreover, IGFBP-3, a major target of uPA-mediated proteolysis, also can induce apoptosis of prostate cancer cells, via an IGF-independent mechanism (50). It is conceivable that uPA-mediated hydrolysis of IGFBP-3, aside from increasing the bioavailability of IGF-1, removes the pro-apoptotic stimulus of IGFBP-3 on prostate cancer cells, thereby optimizing the survival of metastatic prostate cancer cells locally (Fig. 1) . Therefore, the uPA/IGF bioregulation system is heavily implicated in the intercellular interactions between prostate cancer cells and osteoblasts (51) . In addition to the uPA/IGFs system, other potentially co-existing bioregulation systems may be capable of promoting the homing of prostate adenocarcinoma cells to the bone and, possibly, may play an active role in the pathophysiology of the osteoblastic reaction (3, (13) (14) (15) .
Role of IGF-I and uPA Bioregulation System In the Development of Hormonerefractory and Chemotherapyresistant Tumor Growth
The elucidation of the uPA/plasmin/growth factors, such as IGFs, cascade opened new avenues of investigation concerning the microenviromental interactions of prostate cancer cells with the bone milieu. One of the important regulatory roles of this pathway is to modulate the local bioavailability of IGFs, promoting the local proliferation of prostate cancer cells (36, 48) . However, the net changes in the total number of prostate cancer cells is decided by the balance between cell division and cell death. The rationale for hormone ablation therapy in metastatic prostate cancer is that androgens, via the function of the androgen receptor (AR), prevent the apoptotic cell death, rather than solely promote prostate cell growth. Double stranded oligonucleotide, containing the same DNA sequence as the androgen responsive element (ARE) at the regulatory regions of genes transcriptionally regulated by the AR, function as "decoy ARE" when transfected to prostate cancer cells and induce their apoptosis (52) . Obviously, the androgen ablation therapy inactivates the AR function and facili-tates apoptosis of prostate cancer cells in vivo (53) . Therefore, at the cellular level, refractoriness to androgen ablation therapy corresponds to the fact that prostate cancer cells are rescued from androgen ablation-induced apoptosis (3, 18, 53) . This explains why prostate cancer patients initially respond to androgen ablation therapies, but the objective clinical response to hormonal ablation therapy is, unfortunateley, not long-lasting (7) (8) (9) (10) . Bone metastases are the first and often the only sites of disease which eventually become hormone-refractory (3, 7) . This occurs at the time when hormone ablation therapy continues to offer sustained control of the disease at the primary site, the prostate and other extraskeletal sites, such as pulmonary metastases (51, 54) . The sitespecific nature of this refractoriness implies that local environmental cues at the bone may be responsible for rescuing prostate cancer cells from hormonal therapy-induced apoptosis (3, 18, 51, 53) .
The production of growth factors by various cells of the bone microenvironment offer a vast spectrum of candidate factors that might mediate this survival effect. Although their role as mitogens for osteoblasts and metastatic cancer cells has been thoroughly investigated (13) (14) (15) , it is unclear to what extent they could mediate in vivo a significant anti-apoptotic effect as well. To address this question, we first assessed whether osteoblast-derived growth factors and osteoblast CM could rescue prostate cancer cells from chemotherapy-induced apoptosis in vitro. Particular focus was placed on IGF-1, given the cardinal role of the uPA/plasmin/IGF paracrine regulatory pathway in the establishment of the osteoblastic reaction ( Fig.  1) . Indeed, IGF-1, MG-63 CM and TGFͱ1 partially neutralized the adriamycin-induced cytotoxic death of PC-3 cells. IGF-1 provided the most potent protective effect and also induced additive protection with TGFͱ1 and MG-63 CM. (18) . Similar results were obtained from experiments employing estrogen receptor negative (ER-) MDA-MB 231 human breast cancer cells (19) . These data documented the ability of osteoblast-related growth factors, particularly IGF-1, to protect prostate and breast cancer cells from chemotherapy-induced apoptosis (18) (19) (20) .
The search for a more comprehensive understanding of interactions between osteoblasts and prostate cancer cells prompted the employment of a three-dimensional (3-D) type I collagen gel cell culture system that allowed the co-culture of human osteoblast-like cells (such as MG-63, Saos-2) with human prostate cancer cells (such as PC-3 cells) (55, 56) . In this system, inoculations of human PC-3 cells produced a local osteoblastic reaction, documented by the increased number of MG-63 cells and increased density of type I collagen around the MG-63 cells that were adjacent to inoculated PC-3 cells (55) . In contrast, under identical experimental conditions, cell-free medium, human breast cancer cells, endometrial adenocarcinoma cells and lung cancer cells did not produce this blastic reaction (56) . In this 3-D system, exposure of PC-3 prostate cancer cells to adriamycin (100 nM for 48 hr) produced massive apoptosis; whereas, exogeneous IGF-I administration and co-culture of PC-3 cells with MG-63 osteoblasts neutralized adriamycin-apoptosis. Therefore, this 3-D model confirmed that human osteoblasts and exogenous IGF-1 rescued human prostate cancer cells from adriamycin-induced apoptosis (18) . Apparently, local growth factors known for their role in the pathophysiology of blastic reaction to the presence of prostate tumor cells were also implicated in the development of cytotoxic drug-resistant prostate tumor growth in vitro (18) .
The finding that IGF-1 protected prostate cancer cells from apoptosis was consistent with concurrent work from other groups which indicated that the type I IGF-receptor signal transduction mechanism could both induce proliferation and activate intracellular antiapoptotic pathways in breast cancer cells (57) (58) (59) (60) . The type I IGF-receptor-mediated signaling pathway transduction inhibited etoposide (a topoisomerase I inhibitor)-induced apoptosis, by a mechanism independent of IGF's mitogenicity (60) . The anti-apoptotic effect of IGF-1, which was associated with upregulated Bcl-X L expression, was mediated by phosphatidylinositol-3Ј-kinase (PI3Ј-kinase) and mitogen-activated protein kinase (MAPK) activity, suggesting that IGF-1 was capable of preventing apoptosis by activation of multiple signal transduction pathways, thus, regulating the expression of anti-apoptotic genes, such as bcl-2 and bcl-X L (61, 62) .
In addition to the cardinal role of IGF-1 as a survival factor, a broad spectrum of other factors may also protect metastatic cancer cells from apoptosis. For example, TGF-ͱ1 is protective for both prostate (18) and breast cancer cells (19) . The physiological role of some of these growth factors (e.g., IGFs in myeloma) or cytokines (e.g., IL-6) is well established (63) . The rapidly growing study of these factors led to the introduction and wider acceptance of the term "survival factors" (18, 19) . Initially, studies of survival factor mechanism of action focused on mitogenic pathways. A novel concept is that survival factors may act by activating proliferation and by blocking apoptosis. Each of them may occur via distinct signal transduction pathways.
The concept of survival factors is also very important from a clinical standpoint, because it places emphasis on the under-appreciated observation that, at the molecular level, resistance to chemotherapy can be attributed to neither up-regulation of multiple drug-resistant (MDR)-1/P-glycoprotein (or other similar drug transport systems) nor gene amplification mechanisms of chemoresistance (1, 3, 64) . This frequently present, yet poorly understood form of acquired, non-genetic, multidrug-resistant phenotype may be explained, at least in part, by exposure of cancer cells to survival factors locally. It is possible that tissues rich in IGF-I or other survival factors, such as bone, may be sanctuaries for prostate tumor cells. This may account for the switch of prostate cancer cells from an androgen-dependent to an androgenindependent phenotype, while the cells still possess androgen receptor.
Until fairly recently, the prevailing hypothesis was that androgen receptor (AR) gene expression defects were the most likely molecular basis of refractoriness to androgen ablation (65) . However, down-regulation or loss of AR expression has not been documented in androgen-independent prostate cancer (66, 67) . This is consistent with the possibility that other mechanisms might be involved for the phenotypic switch to androgen insensitivity. Indeed, certain point mutations at the AR ligand-binding domain produce broad ligand-binding specificity, creating mutant ARs with transcriptional activity that paradoxically can be activated by steroids other than androgen or even by antiandrogens (68) (69) (70) . This is the molecular background of the anti-androgen withdrawal syndrome (71, 72) . Alternatively, prostate cells with amplification of the AR gene may respond to very low concentrations of androgens, which might, in theory, explain the disease progression to stage D3 during androgen ablation therapy (73, 74) . Furthermore, AR mutations that constitutively activate ARregulated pathways would, at least theoretically, explain the ability of prostate cancer cells to survive in an environment lacking its ligand (75) . All the aforementioned mutations are fairly frequent (76), but they have been identified in only a subgroup of tumor samples from hormone refractory patients (77) (78) (79) (80) (81) (82) (83) (84) . Therefore, it is conceivable that other molecular events might mediate AR-regulated transcription of genes acting during cellular apoptosis, even under conditions in which concentrations of the androgen are suppressed (85) .
Since the androgen-AR signaling pathway is essentially a survival factor pathway, it is conceivable that growth factor signaling pathways can meet and cross-communicate with particular checkpoints of the intracellular molecular pathway of apoptosis (86, 87) . One of the first molecular cross-talk connections identified involved serine phosphorylation of the death agonist Bad (88) . The phosphorylated Bad protein binds the cytosolic protein p14-3-3, which prevents Bad from forming heterodimers with the anti-apoptotic factors bcl-xL and bcl-2 (89). Consequently, survival factors with signal transduction pathways that can phosphorylate the Bad protein will shift the balance between pro-apoptotic (e.g. Bad, Bax, Bik, Bcl-X S ) vs. anti-apoptotic (bcl-2, bcl-X L ,) bcl-2 family members toward the direction of blockade of apoptosis (90) . Increasing evidence points out that growth factors can indeed activate such ARregulated, anti-apoptotic genes through intracellular signal transducers, such as cAMP, protein kinase A and protein kinase C (91). IGF-1, keratinocyte growth factor (KGF) and epidermal growth factor (EGF) stimulate AR transcription in the DU-145 cancer cell line (92); whereas, LNCaP cells exposed to IGF-1 remarkably increase the AR-mediated expression of PSA (93) . Therefore, growth factor signaling pathways may cross-talk with the AR-regulated, anti-apoptotic pathways in both mutant and wild-type AR, while the mutant-AR may be activated more efficiently by polypeptide growth factors than the wild-type AR (92, 93) . The latter may account for the association of AR mutations with poor prognosis, as reported in clinical series (92) . Moreover, it recently was shown that natural hormones with low-level androgenic activity, such as delta-(5)-androstenediol were not completely blocked by the anti-androgens used in conventional androgen ablation therapies, such as hydroxyflutamide and bicalutamide. It appeared that minimal androgenic activity of such compounds, although insufficient to reverse the lack of major, potent AR ligand, could potentially provide a baseline level of AR-transactivation that was potentiated by cross-talking growth factor signaling pathways (94) .
Therefore, the presence of appropriate survival factor stimuli, such as that from IGF-I in bone, can compensate for the lack of androgen support during ablation therapy in the metastatic prostate cancer cells. In addition, molecular mechanisms, including the enhancement of cell anti-apoptosis function, release of cell cycle inhibition and stimulation of cell proliferation (95) , that mainly involve tyrosine kinase overexpression in metastases have been associated with rapid evolution of the disease. The cross-talk of these growth factors (especially, IGF-1/tyrosine kinase pathways) with the AR-signaling cascade up-regulates the expression of anti-apoptotic genes, such as bcl-2 and bcl-X L . These genes are involved not only in the progression to hormone refractory stage D3, but in chemotherapy-resistant tumor growth, as well (93) . This is consistent with both our in vitro data (18) and with the clinical observation that hormone-refractory patients have minimal, if any, responses to chemotherapy. Conceivably, chemotherapy-induced apoptosis is abrogated by the same survival factor pathway that is responsible for confering resistance to hormonal therapy in the first place. (18, 19) . The role of IGF-1 in hormonerefractoriness may also be reflected in the recent finding of cDNA microarray studies in nude mice xenografts of human hormone refractory prostate cancer samples. Hormonerefractory xenografts appear to overexpress the IGFBP-2 gene that participated in the regulation of the local bioavailability of IGF. This finding, if confirmed, may reflect a compensatory mechanism of the tumor's stroma to (down)-regulate the increased bioavailability of IGF-1 locally (96).
Development of an Anti-survival Factor (ASF) Therapy for Hormonerefractory and Chemotherapyresistant Metastatic Prostate Cancer
The analysis of molecular mechanisms that can control IGF-1 bioavailability in bone metastases was greatly enhanced by documentation of the presence and functional integrity of glucocorticoid receptor (GR) in human and rat prostate cancer cells (36, 48, 97) , as well as the analysis of GR function in cell-to-cell interactions between prostate cancer and osteoblastlike cells (36) . Dexamethasone inhibits the proliferation of androgen-insensitive rat PA-III and human PC-3 prostate cancer cells (48, 97) , while it decreases the osteoblast-derived IGFs (49, 98, 99) . Dexamenthasone also downregulates prostate cancer cell expression of uPA (100), subsequently, it causes a reduction of the uPA-mediated hydrolysis of IGFBPs, increasing IGFBPs concentration. Consequently, the increased IGFBPs concentration reduces the bioavailability of IGFs to both prostate cancer cells and osteoblasts locally (33, 47) . At the same time, the pro-apoptotic effect of IGFBP-3 is increased (50) . The aformentioned mechanisms lead to the regression of PA-III prostate cancer-cell induced tumors in rat bones following high-dose dexamethasone therapy (100) .
The role of glucocorticoids may extend beyond IGF-1. Interleukin-6 (IL-6), a multifunctional cytokine produced by bone marrow stromal cells (101, 102) , osteoclasts (103) , and osteoblasts (104), is also down-regulated by glucocorticoids (105) (106) (107) . It is noteworthy that IL-6 also confers resistance against cisplatin and etoposide cytotoxicity in PC-3 and DU-145 prostate cancer cells (108) ; whereas, serum IL-6 levels are elevated significantly in hormone-refractory prostate cancer patients, indicating a possible role of IL-6 in the hormone refractory phenotype in vivo (109) . Therefore, the molecular effects of dexamethasone on the host tissue and prostate cancer cells, as well as on reciprocal cell-to-cell interactions suggest a potentially therapeutic involvement of glucocorticoids in bone metastases from prostate cancer (100) .
This anti-IGF-oriented rationale for the administration of glucocorticoids is a novel concept, totally different from the previously reported uses of glucocorticoid in the prostate cancer literature (110) (111) (112) (113) (114) (115) (116) (117) (118) (119) . In these studies, the administration of glucocorticoids was either empirically attempted or constituted a glucocorticoid replacement therapy in aminoglutethimide-induced "medical adrenalectomy," attempting what was hoped to be a more complete androgen blockade for prostate cancer. Objective responses (with a rate of 10-20%) and/or transient symptomatic improvement were recorded in some cases (118, 119) . The discrepancy between these results and the efficacy that one might predict based on the in vitro effectiveness of dexamethasone to block IGF-1 probably was explained by the existence of extra-skeletal sources of IGF-1, notably from the liver. Glucocorticoids can locally downregulate osteoblast-derived IGF-1, but this effect is eventually neutralized by the incoming influx of circulating, growth hormone (GH)-dependent, liver-derived IGF-1 (120, 121) . Therefore, even though dexamethasone's administration is still necessary to sustain the down-regulation of local osteoblast-derived IGF-1 production, it cannot neutralize extraskeletal bioavailability of IGFs, unless appropriate blockade of GH-dependent hepatic production of IGFs is attempted.
Recently, patients with GH-secreting pituitary adenomas who received long-acting somatostatin analogs, such as lanreotide, experienced remarkable clinical improvement associated with a decrease in circulating, GHdependent IGF-1 (122) and an increase in circulating IGFBP-1 (123) . Minimal side effects were documented in these clinical trials, such as abnormal oral glucose tolerance test, increased blood glucose, moderate elevations of blood pressure, cholestasis, constipation, etc., all of which were well-managed medically (122, 123) . These data prompted us to incorporate both dexamethasone and somatostatin analogs into our therapeutic protocol, aiming to decrease IGF-1 bioavailablity to prostate cancer cells.
In the past, somatostatin analogs were evaluated in clinical trials for advanced stage prostate cancer. However, the rationale for administering these compounds was to produce either a somatostatin receptor-mediated antiproliferative or pro-apoptotic effect on metastatic cancer cells, or to achieve a selective targeting of somatostatin receptor-positive cancer cells using cytotoxic compounds linked to so-matostatin analogs (124) (125) (126) (127) (128) (129) (130) . The lack of a significant therapeutic benefit from the use of somatostatin analogs alone, underlines the importance of both endocrine (GH-dependent, liver-derived) and paracrine (osteoblastderived) IGF-1 production. Within this context, monotherapy of somatostatin analogs fails to offer a complete survival factor ablation in bones. Osteoblast-derived IGFs are not abrogated by somatostatin analogs, but rather by glucocorticoid-mediated down-regulation of IGF-1 and prostate cancer cell-derived, uPAmediated, increase of IGF-1 bioavailability locally (Fig. 1) . Therefore, a complete anti-IGF therapeutic scheme (Fig. 2) should include both glucocorticoid administration and somatostatin analog therapy. We previously named this anti-IGF-I therapy "anti-survival factor (ASF) therapy (131) ."
Application of ASF Therapy In Hormone Refractory/ Chemotherapy-resistant Prostate Cancer
In our institution, the ASF therapy is tested in a phase II clinical protocol as an adjuvant therapeutic strategy (131) . It is important to clarify that ASF therapy is not an anti-cancer therapy per se, but a modality designed to enhance the effectiveness of existing therapeutic regimens. Therefore, the novel concept of combination therapy should include ASF therapy and an anti-cancer therapy (Fig. 3) . Consequently, in our phase II trial, the novel concept of ASF therapy was tested in combination with hormone ablation therapy, employing terminally ill prostate cancer patients who had: (a) progressed to stage D3 while on combined androgen blockade (CAB; GnRH-A plus flutamide); (b) did not respond to anti-androgen withdrawal manipulation; and (c) had also failed to respond to salvage chemotherapy. Our ASF therapy included administration of dexamethasone (4 mg, tapered down to 2 mg qD within 3 months), plus somatostatin analog (somatuline; lanreotide; 30 mg, i.m., q14D) in combination with hormone ablation therapy (GnRH-A; triptorelin, 3,75 mg, i.m., q28D) with or without antiandrogen (flutamide 250, tid, p.o.), depending whether these stage D3 patients showed a response to antiandrogen withdrawal (131) . Ten prostate cancer patients with diffuse bone metastases and hormonerefractory and chemotherapy-resistant disease entered this trial. Fig. 2 . Development of an anti-survival factor therapy (ASF therapy). Development of ASF therapy focuses on the endocrine, growth hormone (GH)-dependent liver-derived, and paracrine, osteoblast-derived, IGF-1 bioavailability that can be abrogated by somatostatin analogs and dexamethasone, respectively. GHRH, GH-releasing hormone IGF-1 ϭ insulin-like growth factor-1; IGFBP-3 ϭ insulin-like growth factor binding protein-3; uPA ϭ urokinase-type plasminogen activator.
With the exception of one patient with continuous rise in PSA levels, despite ASF, all other patients responded to this combination therapy (follow-up to 4 months). Two had a complete clinical response, with normalization of PSA (PSA Ͻ 4.0 ng/ml), followed by a remarkable improvement of their performance status. Four others had partial response (decreasing PSA values below 50% of baseline) in which they experienced a definite improvement of performance status (physical activity, consumption of analgesics). Three other patients experienced a stable response, as documented by decreasing PSA levels to less than 50% of their initial values and they improved their performance status. Finally, one patient, despite marked improvement of bone pain and physical acitivity, continued to have a rise in his PSA levels for 4 months. Figures 4 and 5 demonstrate two representative examples of patients who responded to the combination of ASF with hormone ablation therapy, with an improvement in performance status and a reduction in PSA levels. Although still at a preliminary phase, the ASF therapy showed efficacy for re-introducing objective clinical responses in patients with hormone refractory disease.
In view of these facts, the novel approach of ASF, albeit on initial responses in this pilot study, is very encouraging because it produced clinical responses, some of them remarkable, in patients who had practically failed every available conventional treatment option, including salvage chemotherapy. The ASF therapy reintroduced sensitivity to hormonal therapy, resulting in objective responses that may be durable. Such reversal of resistance to hormonal therapy has not been achieved by any other regimen, to our knowledge. Moreover, this important effect was not associated with any severe side effects to either dexamethasone or somatostatin analogs (131) . Therefore, the novel concept of ASF therapy in combination with hormone ablation therapy is of clinical significance and merits further testing as a palliative approach regarding its efficacy, efficiency and its effect on quality of life, in comparison to salvage chemotherapy, in a randomized controlled trial setting for patients early in the progression to stage D3.
Perspectives of ASF Therapies Beyond Prostate Cancer
Obviously, the local bone microenvironment may serve as an inhibitor of intracellular proapoptotic pathways of tumor cells, not only in prostate cancer metastases, but also with other osteotropic malignancies. Indeed, human osteoblast-like MG-63 cells, MG-63 conditioned media, IGF-1 and TGF-ͱ1 can alter the effects of adriamycin on cell cycle and apoptosis of estrogen receptor negative (ER-) MDA-MB-231 (19) and estrogen receptor positive (ERϩ) (19, 20) .
In addition, IL-6 has a well-established role as a growth factor for human multiple myeloma cells via phosphorylation of the retinoblastoma protein (Rb), thereby, facilitating transition from the G1 to the S phase of the cell cycle (132) (133) (134) . Moreover, bone marrow stromal cells from patients with multiple myeloma express viral IL-6, a functional homolog of human IL-6, produced by Kaposi's sarcomaassociated herpes virus and may further enhance myeloma cell growth and survival (135) . Bone marrow stromal cells up-regulate, via NFB activation, the production of IL-6 in response to adhesion of myeloma cells (136) . IL-6, aside from its stimulatory role for myeloma cell proliferation, is a survival factor that inhibits apoptosis to corticosteroids (137) , serum starvation (138) and cross-linking of the tumor necrosis factor (TNF)-receptor superfamily member Fas (CD95/Apo-1) (139). The survival factor effect of IL-6, a product of a glucocorticoid receptor-regulated gene, on myeloma cells has been attributed, at least in part, to a (Janus kinases/Signal tranducers and activators of transcription) JAK/STAT-mediated pathway, involving especially STAT-3 and leading to elevated levels of the anti-apoptotic protein Bcl-X L (140). IGF-1 was shown to function both as a growth and survival factor for myeloma cells (63, 141, 142) , raising the possibility that the addition of somatostatin analogs (decreasing GHmediated, liver-derived IGF-1) in currently used chemotherapeutic regimens that generally contain glucocorticoids might yield a potential therapeutic benefit.
The system of IGFs/type I IGF receptor (IGF-R)/IGFBPs is implicated in the establishment and progression of liver metastases in certain malignancies, such as colorectal cancer (143) . The highly metastatic and preferentially hepatotropic phenotype of the H-59 subline of the Lewis lung carcinoma is secondary to the significantly higher expression of type I IGF-R of H59 cells, compared with another subline, M-27, that metastasizes only to the lung. The highly mitogenic activity, preferential for H-59 cells and not M-27 cells, of serum-free, conditioned-media from primary mouse hepatocyte cultures was blocked or depleted by a monoclonal antibody to IGF-1 (144) . In addition, transfection of an antisense construct for the type I IGF-R in H-59 cells completely blocked responsiveness to IGF-1 and prevented the establishment of liver metastases in vivo (145); whereas, overexpression of the type I IGFreceptor enhanced the metastatic phenotype, facilitating invasion and liver colonization (146) . Moreover, the efficacy of tamoxifen in breast cancer treatment was postulated to be related, at least in part, to reduced bioavailability of IGF-1 to cancer cells (147) . It is, therefore, rational to further explore potential applications of the concept of anti-survival factor therapy in hepatic metastases and other metastatic sites of IGF-1-dependent malignancies, such as ovarian cancer (148, 149) .
Conclusions
The paradoxical symbiosis of prostate cancer cells with osteoblasts results in an anatomical situtation where metastatic cell-derived mitogen(s) stimulate osteoblasts to produce a blastic reaction, with the trade-off that osteoblast secretagogues support the efforts of the metastatic cells to escape apoptosis and optimize their survival. For these two reciprocal intercellular interactions between cancer cells and osteoblasts, it is documented that IGF-1 is the major mediator, although other survival/ growth factors conceivably could participate. Our bench-to-bedside development of an ASF therapy was not designed to stand alone when fighting advanced stage prostate cancer. In fact, ASF was developed to enhance the efficacy of existing anti-cancer therapies. Although not the only bone-derived cancer cell survival factor, IGF-1 is the main target for the ASF therapy. We caution that the biologic redundancy and flexibility of tumor cells are expected to exploit other intercellular communications and intracellular pathways to evade apoptosis. Even in that case, however, the concept of an ASF therapy already has offered significant benefits both to our patients, adding a low-toxicity weapon that enhances the efficacy of existing therapeutic modalities, and to our understanding of neoplasia and metastasis. This novel ASF concept indicates that our focus should be placed not only on the effect of a tumor on its host tissue, but also on the effect of the host tissue on the tumor biology.
